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Description 

The present invention relates to a resonant vi- 
brating light deflecting unit. Devices of this type are 
used to generate a raster scan image from a line of 
light-emitting devices. 

There are many different types of display devices 
which can visually display information such as fig- 
ures, numbers and video information. These devices 
include the ubiquitous cathode ray tube in which a 
raster is created by repetitively sweeping an electron 
beam in a rectangular pattern. The image is created 
by selectively modulating the beam to generate light 
and dark spots on the raster. 

Another display device is an electromechanical 
scanning system in which a line of light-emitting de- 
vices is modulated with information to be displayed. 
The illuminated line is converted into a raster by 
means of an oscillating mirror thereby generating a 
virtual raster image. These latter devices have the 
advantage that a full "page" display can be created 
from a much smaller number of light-emitting devices 
than is necessary to generate a normal full page real 
image. 

In operation, an enlarged, virtual image of the il- 
luminated devices is reflected from a mirror as the 
mirror is being physically pivoted about a fixed axis by 
means of an electromagnetic motor. Although it is 
possible to directly drive the mirror to produce oscil- 
lations, in order to reduce the power necessary to 
drive the mirror, it is possible to use a resonant elec- 
tromechanical oscillator to move the mirror. In such 
an oscillator, the mirror is mounted on a spring attach- 
ed to a frame so that the mass of the mirror and the 
spring create a mechanical resonator. An electromag- 
netic motor oscillates the mirror mass at the resonant 
frequency of the spring/mirror system. In this manner, 
only a small amount of power is needed to produce a 
relatively large oscillation. 

US-A-4632501 discloses such a resonant vibrat- 
ing light deflecting unit, comprising a mounting base, 
a vibrating structure supporting a scanning mirror 
and resiliently mounted to the mounting base, and a 
driving motor means. Other light deflecting units of 
the same type are disclosed in US-A-4 453 170 and 
US-A-4 225 862. 

A problem with the conventional mirror/spring os- 
cillator system is that the rapid angular oscillation of 
the mirror requires a large spring force to accelerate 
and decelerate the mirror. The spring force is also ap- 
plied to the base of the device and constitutes a "re- 
action force". When the base is rigidly secured to a 
relatively massive object, this force is not a serious 
concern. However, when it is impossible or undesir- 
able to attach the display device to a massive object, 
as is the case for hand-held, eyeglass-mounted or 
"heads-up" displays, the force causes vibrations 
which are, at best, annoying and, in some cases, may 



cause the resulting image to be blurred or even unin- 
telligible. In addition, the vibration can disrupt the 
function of an accompanying instrument, such as a 
microscope, that is sensitive to vibration. Further, 

5 even if the vibration is acceptable, the power required 
to oscillate the mirror increases when the vibration is 
transmitted to an external structure. This extra power 
means a larger motor is required to insure that the mo- 
tor can drive the display with sufficient amplitude, in 

10 turn, resulting in increased battery drain for portable 
displays. 

This problem is even more serious if the system 
design requires that the mirror pivot about a point near 
the end of the mirror as opposed to near the center of 

15 the mirror. Such a design is desirable in a hand-held 
display application because it permits use of smaller 
lenses and results in a more compact display. 

Accordingly, it is an object of the present inven- 
tion to provide a resonant scanning unit for an optical 

20 display device in which the net reaction force trans- 
ferred to the mounting base is reduced. 

It is a further object of the present invention to 
provide a resonant scanning unit which reduces vibra- 
tion in a resonant-scanning optical display device. 

25 It is yet another object of the present invention to 

provide a resonant scanning unit which allows the 
electromagnetic motor which drives the mirror to op- 
erate in an efficient manner. 

It is yet another object of the present invention to 

30 provide a resonant scanner construction which uses 
a counter-balanced mass construction to reduce the 
net reaction force transmitted to the mounting base. 

According to a first aspect of the present inven- 
tion, there is provided a resonant vibrating light de- 

35 fleeting unit, wherein there is a second vibrating 
structure resiliency mounted to the mounting base, 
the driving motor means is arranged to oppositely vi- 
brate the vibrating structures, and the masses of the 
vibrating structures and the resilience with which 

40 each is mounted to the mounting base are such that 
the reaction forces in the mounting base, caused by 
the operational vibrations of the vibrating structures, 
substantially cancel each other. 

According to a second aspect of the present in- 

45 vention, thehB is provided a method of reducing vibra- 
tions of a resonant vibrating light deflecting unit hav- 
ing a mounting base, a first vibrating structure sup- 
porting a scanning mirror and resiliently mounted to 
the mounting base, a second vibrating structure re- 

so siliently mounted to the mounting base, and a driving 
motor means arranged to oppositely vibrate the vi- 
brating structures, the method comprising the steps 
of: a) resiliently connecting the first vibrating struc- 
ture to the base at a first point; b) resiliently connect- 

55 ing the second vibrating structure to the base at a 
second point, the second vibrating structure being 
selected so that the mechanical resonant frequency 
of the mirror and the first vibrating structure is sub- 
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stantially equal to the mechanical resonant frequency 
of the second vibrating structure; and d) positioning 
the first point relative to the second point so that the 
first reaction force substantially cancels the second 
reaction force at the base. 

As both masses are attached to the same mount- 
ing base, it is possible to configure the arrangement 
so that reaction forces caused by the moving masses 
are cancelled at the base, thereby substantially re- 
ducing overall vibrations. 

More specifically, the mirror support can consist 
of a "tuning-fork" configuration with the mirror mount- 
ed on one arm and a counterbalance mass mounted 
on the other arm. The driving motor may comprise a 
magnet and coil structure which drives one or more 
of the arms so that the arms move in opposite direc- 
tions. 

In one embodiment, the mirror is mounted to the 
base of the display device by crossed flexure springs. 
A counterbalance mass is also connected to the base 
of the video display device by a spring. The stiffness 
of both the mirror flexures and the counterbalance 
mass spring are selected so that the mirror and coun- 
terbalance mass have substantially the same reso- 
nant frequency. 

In this embodiment, a voice-coil electromagnetic 
motor is used to drive the mirror and the counterba- 
lance mass. The motor comprises a permanent mag- 
net portion and associated magnetic return path 
mounted on one arm of the tuning fork configuration 
and a coil mounted on the other arm. When a properly 
controlled current is applied to the coil, the permanent 
magnet is alternately attracted and repulsed from the 
coil. In this fashion, a driving force is applied to both 
the mirror and the counterbalance mass causing each 
to oscillate at the frequency of the driving force. 

The spring forces which accelerate and deacce- 
lerate the mirror and counterbalance mass are also 
applied by the flexure springs to the base, and con- 
stitute "reaction forces". The geometry of the coun- 
terbalance mass and the counterbalance mass pivot 
point location are both selected so that the reaction 
force applied to the base by the counterbalance mass 
substantially cancels the reaction force applied to the 
base by the mirror 

In addition, the geometry of the electromagnetic 
motor is selected so that the drive forces applied to 
the mirror and counterbalance mass are substantially 
equal to the air resistance forces acting on the mirror 
and counterbalance mass, with the result that little or 
no net force is applied to the base due to drive forces. 

Embodiments of the present invention will now 
be described, by way of example, with reference to 
the accompanying drawings, in which: 

Figure 1 is a schematic view of a typical prior art 
resonant electro mechanical scanner. 

Figure 2 is a partial cross-sectional view of a res- 
onant scanner constructed in accordance with the 



present invention. 

Figure 3A is a schematic diagram of a miniature 

display using a scanning mirror which is pivoted near 

the mirror center. 
5 Figure 3B is a schematic diagram of a miniature 

display using a scanning mirror which is pivoted near 

the mirror end. 

Figure 4 is a perspective view of the resonant 

scanner shown in Figure 2. 
10 Figure 5 is a perspective view of a preferred em- 

bodiment of a resonant scanner utilizing a drive motor 

with improve efficiency. 

Figure 6 is a plan view of the preferred drive motor 

construction showing the mirror assembly overlaid by 
15 the counterbalance mass. Spring 42 which connects 

the mirror assembly to the base has been omitted for 

clarity. 

Figure 7 is a cross-sectional view of the preferred 
drive motor embodiment taken along the line 6-6 
20 shown in Figure 6. 

Figure 8 is another cross-sectional view of the 
preferred drive motor embodiment taken along the 
line 7-7 shown in Figure 6. 

Figure 9 is a longitudinal cross section of another 
25 embodiment using a sensor flag to sense position of 
the mirror 30. 

Figure 10 is a partial exploded view of a portion 
of the embodiment shown in Figure 9 showing the 
voice coil with sensor flag, the counterbalance mass 
30 and the sensor assembly. 

Figure 11 is an electrical schematic diagram of an 
illustrative drive circuit 

Figure 1 2 is a perspective view of a miniature opt- 
ical display device utilizing an illustrative embod'h 
35 ment of the inventive scanner unit 

Figure 1 is a schematic diagram of a typical prior 
art resonant electromechanical scanner of the type 
shown in US-A-4632501. As this device is explained 
in detail in the latter patent, it will not be fully dis- 
40 cussed herein. In the figure 1, the resonant scanner 
is used in a scanned image display device of the type 
described in the applicants published specification 
No. EP-A-0301801, constituting prior art within the 
meaning of Article 54(3) EPC. As the display device 
45 is described in detail in that application, which is here- 
by incorporated by reference, only a brief description 
of the operation will be given here. 

In a scanned image type of display device, a row 
of light emitting devices 10 (which may illustratively 
so be light-emitting diodes) is electrically excited to se- 
lectively emit light thereby generating an illuminated 
line. In Figure 1, the row of LEDs extends perpendi- 
cularly into the page. 

The light from LED row 1 0 passes through an opt- 
55 ical system schematically illustrated as lens 5, which 
creates an enlarged virtual image of the LED's. The 
image is reflected from mirror 30 to an observer's eye 
15 as mirror 30 is repetitively oscillated in the direo- 
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tion arrow 16. Ny selectively illuminating the LEDs in 
row 10 as mirror 30 moves, a rectangular raster can 
be formed which van be observed by the viewer. 

The mechanism which moves the mirror is gen- 
erally termed as resonant scanner. It consists of a 
base 20 to which plane mirror 30 is attached by 
means of a flat spring 34 which extends perpendicu- 
larly into the page. Mirror 30 is oscillated by a drive 
motor consisting of two cylindrical permanent mag- 
nets 44 and 45 and two ring coils 46 and 47. In oper- 
ation, one of coils 46 and 47, for example coil 47, is 
excited and the corresponding permanent magnet, 
45, is either attracted into coil 47 or repulsed depend- 
ing on the relative magnetic fields produced by coil 47 
and magnet 45. The resulting force causes mirror 30 
to pivot around the attachment point with spring 34 so 
that mirror 30 oscillates in the direction of arrow 16. 

The remaining coil (coil 46 in the example) is 
used as a sensing coil to sense the motion of mirror 
30. The electrical signals derived from the motion of 
magnet 44 relative to coil 46 are used by driving cir- 
cuitry (not shown) to control the current provided to 
drive coil 47 in a conventional fashion and as descri- 
bed in the aforementioned Patent No. 4,632,501. 

In practice, the mass and geometry of mirror 30 
and the spring constant of spring 34 are chosen so 
that a resonant mass system is formed at the desired 
operating frequency. In this manner, a large excur- 
sion angle for mirror 30 is produced by a driving force 
which is much lower than would be required if the mir- 
ror were driven in a non-resonant fashion. 

The problem with the mirror driving system shown 
in Figure 1 is that the spring forces which cause the 
mirror mass 30 to oscillate are also applied to base 20 
and any supporting structures attached to base 20. 
Although mirror 30 is generally quite small, its motion 
is typically at a sufficiently high frequency that the 
forces are large in amplitude. These large amplitude 
forces are transmitted to base 20 causing it to vibrate 
in response. 

Figure 2 shows a partial cross-sectional view of 
the mirror assembly of the present invention. The ele- 
ments of Figure 2 which correspond to those of Figure 
1 have been given the same numeral designations. In 
the Figure 2 structure, mirror 30 is part of a balanced 
assembly with two arms. One arm comprises mirror 
30, mirror support 36 and driving coil 46. The other 
arm consists of weight 40 and permanent magnet 44. 
The mirror arm is attached to base mounting 21 by 
means of two flexure springs 32 and 34. Springs 32 
and 34 are both flat springs which extend into the 
page. As will be discussed hereinafter, two springs 
are used in a crossed arrangement to constrain rota- 
tion of the mirror assembly to a single axis. 

Mirror 30 is directly attached to a mirror support 
36 (which may be comprised of a suitable plastic or 
other material) by means of adhesive or cement One 
end of spring 32 is attached to mirror support 36 by 



means of a screw or rivet or other fastener. The other 
end of spring 32 is attached to base mounting 21 by 
means of another fastener. A second spring, 34, is 
also attached to mirror support 36 by fastener 37 and 

5 to base 21 by fasteners 39. Although not explicity 
shown, rectangular washers would generally be used 
with fasteners 39 in order to mechanically define the 
flexing point of the spring. The two flexure springs 32 
and 34 act together so that mirror 30 and mirror sup- 

10 port 36 effectively pivot around the point 48 at which 
springs 32 and 34 cross. Under influence of the driv- 
ing motor, the mirror arm oscillates in the direction of 
arrow 16 around point 48. 

Weight 40 is attached to the one end of spring 42 

15 by means of fastener 43. Spring 42 is also a flat spring 
extending into the page. The other end of spring 42 
is attached to base 21 by means of fastener 45. 
Weight 40 thus effectively pivots around an inter- 
mediate point located on spring 42 between attach- 

20 ment points 43 and 45. 

Mirror 30 and weight 40 are driven by a voice-coil 
type electromagnetic motor consisting of permanent 
magnet 44 weight 40 and coil 46. Magnet 44 is rigidly 
secured to weight 40, while the coil 46 is rigidly se- 

25 cured to mirror support 36. Weight 40 is shaped with 
an overhanging portion 41 which acts to complete the 
magnetic flux return path and improve the efficiency 
of the motor. Circuitry is provided (not shown) to sup- 
ply a sinusoidal current (or other periodic current, 

30 such as a square wave or current pulses) to the elec- 
trical coil 46. In accordance with one feature of the in- 
vention, the electrical connections between coil 46 
and the driving circuitry are provided through springs 
32 and 34 in order to avoid separate wires which are 

35 subject to fatigue from flexing. 

The sinusoidal current in coil 46 generates a fluc- 
tuating magnetf ield which causes magnet 44 and coil 
46 to be alternately attracted and repelled at the fre- 
quency of the current. The frequency of the sinusoidal 

40 driving current is chosen so that mirror 30 rotates 
through an arc segment at the resonant frequency of 
the spring/mass system consisting of mirror 30 and 
spring 32. Generally, the desired resonant frequency 
will depend upon the use of the scanner. In a scanned 

45 image display system as previously mentioned, the 
proper resonant frequency depends on the minimum 
display refresh rate to eliminate display "flicker". The 
resonant freqency can be selected In a conventional 
fashion by choosing the mass and geometry of mirror 

50 30 and the spring constant of spring 32. 

Advantageously, the use of the illustrative struc- 
ture allows a light-weight drive coil to be placed on the 
mirror assembly rather than requiring a heavy magnet 
structure to be placed on the mirror assembly. This 

55 arrangement, in turn, allows the electromagnetic 
drive motor to be designed for efficient operation be- 
cause the permanent magnet structure on the coun- 
terbalance arm can be large and heavy in order to pro- 
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duce a high magnetic field strength without contribut- 
ing to the mass of the mirror arm. 

When used in a scanned image display, the illus- 
trative scanner has an additional benefit. Since the 
effective mirror pivot point 48 is located away from the 
center of mirror 30, a smaller mirror can be used to 
produce an optical system with a given "exit pupil". 
This advantage is illustrated in Figures 3A and 3B 
which show two display systems each utilizing an os- 
cillating scanner mirror. Elements and locations in 
Figures 3A and 3B which are equivalent to those ele- 
ments and locations shown in Figure 2 are given the 
same numeral designations. 

Exit pupil 110 is defined as the area in which the 
user's eye 15 can be placed so as to see the entire 
image. In Figure 3A, a display system is constructed 
with a mirror pivoted near the center. As shown in the 
f igure, the size of the exit pupil 110 is dependent on 
the arc through which the mirror swings and the ge- 
ometry of the display. In Figure 3B, an exit pupil which 
has the same size as the exit pupil in Figure 3A can 
be achieved with a significantly smaller lens 5 and 
case size when the mirror is pivoted near one end ac- 
cording to one aspect of the present invention. 

Figure 4 shows a partial perspective view of the 
illustrative embodiment of the resonant scanning unit 
with an accompanying housing shown in partial phan- 
tom detail. Figure 4 illustrates the connection of flex- 
ure springs 32, 34 and 42 between mirror 30 and 
weight 40 and the base mounting 2 1 . In Figure 4, com- 
ponents which are equivalent to those shown in Fig- 
ure 2 are given the same numeric designations. 

Flexure spring 34 is illustratively a U-shaped 
spring made out of a single layer of fiat spring mate- 
rial. Similarly, flexure spring 32 is a single layer flat 
spring which is mounted between the legs of spring 
34 at a right angle to the plane of spring 32. This 
"crossed" spring design constrains movement of mir- 
ror mass 30 to essentially pure rotation whereas the 
single spring design common in conventional units is 
subject to undesirable twisting movements. Spring 42 
is another U-shaped spring which fastens weight 40 
to base 21. 

The design of the mirror assembly and counter- 
balance mass in order to accomplish cancellation of 
the reaction forces can be carried out in a convention- 
al manner. In particular, in accordance with conven- 
tional mechanical design theory, the reaction forces 
on a mass/spring system can be represented by a pair 
of force vectors which act at a conceptual "point of 
percussion". Although the actual moving part will 
have both mass and rotary moment of inertia these 
may be modeled as an equivalent point mass located 
at the point of percussion. 

A secondary force vector passes through the 
point of percussion and the system pivot point and 
represents centrifugal force. A primary force vector 
passes through the point of percussion and is perpen- 



dicular to the secondary force vector and represents 
the force needed to translate and rotate the mass 
about the pivot point 

In operation, in the illustrative resonant scanner, 

5 the pri mary force vector has a relatively large sinusoi- 
dal magnitude which causes the mirror to accelerate 
back and forth (the magnitude of the force is greatest 
at the extreme ends of travel of the mirror). This force 
depends only upon the equivalent mass of the mirror 

10 assembly and the amplitude of mirror travel and, with 
proper pivot point placement and design, can be sub- 
stantially cancelled by the reaction forces generated 
by the counterbalance mass. Specifically, the geom- 
etry of the mirror and counterbalance mass must be 

15 adjusted so that the primary force vectors are co-lin- 
ear. In an illustrative embodiment constructed in ac- 
cordance with the invention and operating at a scan 
frequency of 50 Hz., it has been found that this force 
is approximately 42 grams-force (gmf). It has been 

20 found that with a mirror mass of 3.36 grams, a coun- 
terbalance mass of 10.95 grams has produced effec- 
tive cancellation of this force. 

A much smaller drag force also acts upon the mir- 
ror assembly. This force is primarily a velocity-pro- 

25 portional force due to air resistance. In the previously 
mentioned illustrative embodiment constructed in ac- 
cordance with the principles of the invention, the "Q" 
value for the mirror assembly alone is approximately 
100 resulting in a drag force of about 0.4 gmf (the "Q" 

3a value is a measure of damping and has to do with the 
sharpness of the resonant peak). In order to make up 
for the energy lost due to the drag forces, voice coil 
motor 46 supplies a force to move mirror 30. If the 
drive force is a sine wave it can be made to substan- 

35 tially balance the previously-mentioned force result- 
ing from drag. 

Similarly, a drag force also acts on the counter- 
balance assembly. In the preferred embodiment de- 
scribed above, this latter force is approximately 0.2 

40 gmf, corresponding to a "Q" of 200 for the counterba- 
lance mass alone. The "Q" of the mirror assembly 
alone is lower because of its larger surface area. To 
minimize any extraneous forces resulting from im- 
perfectly cancelled motor forces, in the illustrative 

45 embodiment, the motor torque exerted on the mirror 
and the counterbalance mass by the voice coil motor 
must be in the ratio of 0.4/0.2. The geometry of the 
illustrative embodiment has been designed to sub- 
stantially accomplish this result 

so Although a sinusoidal drive force applied in the 
correct ratio theoretically results in substantially zero 
net drive-related forces applied to the base, a non-si- 
nusoidal drive force can also be used. If the drive 
force is periodic but not sinusoidal, a small net force 

55 will be applied to the base, but this force may be ac- 
ceptable in view of simplifications possible in the mo- 
tor drive circuitry. 

Further, since the equivalent mass of the mirror 
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moves in a slight arc rather than in a straight line, 
there is also secondary force vector (mentioned ear- 
lier) caused by the transverse motion of the equiva- 
lent mass. This secondary force vector represents 
centrifugal force. The magnitude of this secondary 
force vector is substantially sinusoidal and has a fre- 
quency twice the frequency of the mirror motion. The 
double-frequency force will cause a slight vibration of 
the device base or, if the base is prevented from mov- 
ing, the reaction force will be transferred to the sup- 
porting structure. A similar force acts on the counter- 
balance mass assembly. With the mirror and counter- 
balance configuration shown in the illustrative em- 
bodiment, the double-frequency forces for the mirror 
assembly and the counterbalance mass assembly are 
in the same direction and, consequently, do not can- 
cel. However, as the extent of the transverse move- 
ment of the mirror and counterbalance masses is very 
small for example, in the illustrative embodiment ap- 
proximately ± 42 um for the mirror and ± 5 um for the 
counterbalance mass, the vibration which is produced 
is acceptable. When incorporated in a display of total 
weight 42 gm, the resulting case vibration would be ± 
7 um. 

It is also possible to mount the scanner assembly 
in a compliant mount which can allow slight motion of 
the display case so that vibrations caused by unbal- 
anced forces do not cause vibration of the structure 
to which the display is attached. 

Figure 4 also shows the electrical connections of 
coil 46 through flexure springs 32 and 34. Since two 
separate flexure springs, 32 and 34, are used to sup- 
port mirror 30 these springs may also be used in order 
to carry electrical current to coil 46 and, thus, elimin- 
ate the use of separate wires which may be subject to 
breakage due to repeated flexing. In particular, one 
electrical lead, 50, of coil 46 is attached to flexure 
spring 34 by means of fastener 37. Another electrical 
lead, 55, is attached to flexure spring 32 by means of 
fastener 35. Electrical connections to coil 46 can be 
completed by making appropriate electrical connec- 
tions to the other ends of the flexure springs 32 and 
34 at fasteners 33 and 39, respectively. Current is 
thus carried along the flexure springs directly to coil 
46. 

Figures 5-8 show an alternative embodiment of a 
resonant scanner unit that uses a preferred construc- 
tion of the voice coil motor. This preferred construc- 
tion increases motor efficiency by achieving higher 
magnetic field strength in the air gap. With a motor 
construction as shown in Figures 2 and 4, inefficiency 
results because the air gap between the inside diam- 
eter of toroidal coil 46 and magnet 44 must be suffi- 
cient to accommodate the varying arcs through which 
mirror 30 and weight 40 move. The relatively large tol- 
erance which is required in order to prevent physical 
collisions results in high flux leakage and low field 
strength in the air gap, and, thus, in poor motor effi- 



ciency. 

The motor design shown in Figures 5-8 improves 
motor efficiency by optimizing the magnetic circuit to 
reduce leakage flux. Parts of the assembly which re- 

5 main the same as the embodiements shown in Fig- 
ures 2 and 4 are designated with the same numerals. 
In particular, the toroidal-shaped coil 46 shown in Fig- 
ure 4 is replaced by a rectangular coil 66 shown in Fig- 
ures 5 and 6. Instead of a single cylindrical magnet 44 

10 as shown in Figure 4, weight 40 has been modified to 
have an "E" shape with three fingers, 70, 72 and 74 
shown in the cross-sectional view of Figure 7. Central 
finger 72 fits into the rectangular opening 73 in coil 
66 as shown in Figures 7 and 8. The two side fingers 

15 70 and 74 are provided with magnets 73 and 75 which 
lie on the outside of coil 66 as shown in Figures 7 and 
8. 

Also shown in Figure 5 is a slot 76 which is cut in 
weight 40. This slot, as will hereinafter be described, 

20 is used to accommodate a mechanical sensor that 
senses the position of mirror 30 and generates elec- 
trical signals which control the driving current to en- 
sure that mirror 30 and weight 40 oscillate at the de- 
sired resonant frequency. 

25 Figures 6-8 also shown an improved mechanism 

for attaching spring 42 to weight 40. As shown, spring 
42 is clamped between two clamping members 45 
and 47. Clamp members 45 and 47 have slots 51 
(shown in Figure 6) which allow the members to be 

30 slid over fasteners 43. The ends of spring 42 which 
are fastened by fasteners 43 are not slotted, thus the 
distance between the wieght 40 and base 21 is mech- 
anically fixed. However, clamping members 45 and 
47 can be moved relative to weight 40, thus ef fective- 

35 ly changing the attachment point of spring 42 to 
weight 40. Thus, the effective spring length can be 
changed for the purposes of adjusting the resonant 
frequency without changing the basic geometry of 
the device. 

40 Figure 9 is a partial cross-section of the resonant 

scanning unit of Figures 5-8 fitted with a position sen- 
sor mechanism. The main components of this mech- 
anism are also depicted in the partial exploded view 
shown in Figure 10. The sensor mechanism consists 

45 of a "flag" 80 which is mounted on one end of rectan- 
gular coil unit 66. When the unit is assembled, flag 80 
extends between the two arms of LED/photocell 
sensing unit 90. As shown iri Figure 10, sensing unit 
90 consists of a mounting bracket 92 which is affixed 

so to the scanner housing as shown in Figure 9. Two 
arms 94 and 96 extend from the bracket 92 and lie on 
either side of flag 80. An LED device 98 is mounted 
on arm 94 and a photodiode 100 is mounted on arm 
96. 

55 In operation, when mirror 30 rotates through an 

angle which exceeds approximately 70% of the max- 
imum normal operating angle, light emitted from LED 
98 is sensed by photodiode 100 which thereupon gen- 
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erates an electrical signal. When the angle of rotation 
of mirror 30 is less than approximately 70% of the 
maximum normal operating angle, flag 80 is inter- 
posed between LED 98 and photodiode 100, in turn, 
preventing light emitted from LED 98 from reaching 
diode 100. The signal emitted from diode 100 there- 
upon ceases. Consequently, as mirror 30 and weight 
40 oscillate, an oscillating electrical signal is devel- 
oped by photodiode 100. This oscillating signal is 
used to control the driving electronics which provide 
the current to the coil 66 of the electromagnetic driv- 
ing motor. 

A schematic block diagram of the driving circuit 
electronics is shown in Figure 11. The basic compo- 
nents of the circuit consists of a comparator 102, a 
phase-locked loop 104, an automatic gain control cir- 
cuit 106 and a power amplifier 108. The components 
are arranged in a conventional frequency control 
loop. More particularly, the oscillating output signal 
developed by photodiode 100 is provided to one input 
of comparator 102. Comparator 102 compares the 
voltage signal level to a reference voltage in order to 
standardize the waveform and sharpen the zero 
crossing points. The output of the comparator is a 
pulse-train signal which is used to drive the remainder 
of the circuitry. 

The output from comparator 102 is provided to a 
conventional phase-locked loop circuit 104 which is 
adjusted to maintain the frequency of oscillation at 
the desired value. The operation of such a phase- 
locked loop is conventional and will not be explained 
hereinafter in detail. Circuit 1 04 generates control sig- 
nals which control the power amplifier. 

The output of comparator 102 is also provided to 
a conventional automatic gain control circuit 106 
which generates a magnitude control signal. 

The control signals generated by phase-locked 
loop circuit 104 and AGC circuit 106 are provided to 
power amplifier which provides the driving current to 
the voice coil and completes the feedback loop. 

Figure 12 of the drawing shows an illustrative em- 
bodiment of the resonant scanning unit incorporated 
into a miniature display device. The miniature display 
device is of the type described in detail in aforemen- 
tioned patent application EP-A-0 301 801. The oper- 
ation and construction of the display device is dis- 
cussed in detail in that application which is hereby in- 
corporated by reference, and will not be repeated in 
detail herein for clarity. The display device consists of 
a base 10 on which the various optical components 
which comprise the display are mounted. At one end 
of base 10 is mounted the header block 5 in which an 
array of light-emitting devices 15 (such as light- 
emitting diodes) is attached. Generally, such an array 
may be a linear array comprising two rows of devices 
which are staggered in order to compensate for gaps 
between the devices. The devices are covered by a 
clear cover plate 17. 



Light emitted from devices 15 is projected on mir- 
ror 30 by means of an optical system which consists 
of housing 1 8 in which are mounted lenses 1 9 and 23. 
In accordance with the principles set forth in the 
5 aforementioned patent application EP-A-0 301 801 
the lens system projects the image of array 1 5 via mir- 
ror 30. 

Mirror 30 is actuated by providing a periodic cur- 
rent via leads 50 and 55 (shown in Figure 4) to coil 46, 

10 causing mirror 30 and weight 40 to oscilate. The os- 
cillation of mirror 30, in turn, creates a raster image 
from linear array 15. 

Having thus described one preferred embodi- 
ment of the present invention it will be apparent to 

15 those skilled in the art that various modifications and 
alterations are possible without departing from the 
scope of the invention. For example, instead of the 
pair of flexure springs used to support the mirror as- 
sembly, other conventional arrangements such as 

20 four-bar linkages (in which each end of the mirror is 
attached to the base by means of a separate link) may 
be used without departing from the scope of the in- 
vention. Similarly, a different geometrical arrange- 
ment can be used in which the mirror is attached to 

25 the base at the center rather than at one end. The in- 
vention is not intended to be limited to the preferred 
embodiment disclosed above. It is limited in scope by 
the following claims. 

30 

Claims 

1. A resonant vibrating light deflecting unit, compris- 
ing a mounting base (20,21), a first vibrating 

35 structure (36) supporting a scanning mirror (30) 

and resiliently mounted to the mounting base 
(20,21), and a driving motor means (44,46), char- 
acterised in that there is a second vibrating 
structure (40) resiliently mounted to the mount- 

40 ing base (20,21 ), the driving motor means (44.4(B) 

is arranged to oppositely vibrate the vibrating 
structures (36,40), and the masses of the vibrat- 
ing structures (36,40) and the resilience with 
which each is mounted to the mounting base 

45 (20,21) are such that the reaction forces in the 

mounting base (20,21), caused by the operation- 
al vibrations of the vibrating structures (36,40), 
substantially cancel each other. 

50 2. A unit according to claim 1, wherein the driving 
motor (44,46) is arranged to drive the first (36) 
and second (40) vibrating structures with a sinu- 
soidal driving force. 

55 3. A unit according to claim 1 or 2, wherein the first 
vibrating structure (36) is connected to the 
mounting base (20,21) by means of a first flexure 
spring (32) and the second vibrating member (40) 
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is connected to the mounting base (20,21) by 
means of a second flexure spring (42). 

4. A unit according to claim 3, wherein the first and 
second flexure springs (32,42) are flat flexure 
springs. 

5. A unit according to claim 4, wherein the first vi- 
brating structure (36) is connected to the mount- 
ing base (20,21) by means of a third flexure 
spring (34) in addition to the first flexure spring 
(32) and the first and third flexure springs (32,34) 
lie in different planes. 

6. A unit according to any preceding claim, wherein 
the driving motor (44,46) comprises a voice coil 
(46) mounted on the first vibrating structure (36) 
and a permanent magnet (44) mounted on the 
second vibrating structure (40). 

7. A unit according to claim 6, wherein the first vi- 
brating structure (36) is connected to the mount- 
ing base (20,21) by means of a first electrically- 
conductive flexure spring (32) and a third electri- 
cally-conductive flexure spring (34) and the voice 
coil (46) is electrically connected (50,55) to the 
first flexure spring (32) and the third flexure 
spring (34). 

8. A unit according to claim 6, wherein the driving 
motor (44,46) comprises a drive current circuit 
(100,102,104,106,108) which supplies a periodic 
drive current to the voice coil (46). 

9. A unit according to claim 8, wherein the periodic 
drive current is sinusoidal. 

10. A unit according to claim 8, wherein the periodic 
drive current is a square wave current 

11. A method of reducing vibrations of a resonant vi- 
brating light deflecting unit having a mounting 
base (20,21), a first vibrating structure (36) sup- 
porting a scanning mirror (30) and resiliency 
mounted to the mounting base (20,21), a second 
vibrating structure (40) resiliency mounted to the 
mounting base (20,21), and a driving motor 
means (44,46) arranged to oppositely vibrate the 
vibrating structures, the method comprising the 
steps of: 

a) resiliently connecting the first vibrating 
structure (36) to the base (20,21) at a first 
point (33); 

b) resiliently connecting the second vibrating 
structure (40) to the base at a second point 
(45), the second vibrating structure being se- 
lected so that the mechanical resonant fre- 
quency of the mirror (30) and the first vibrating 



structure (36) is substantially equal to the 
mechanical resonant frequency of the second 
vibrating structure (40); and 
d) positioning the first point (33) relative to the 
5 second point (45) so that the first reaction 

force substantially cancels the second reac- 
tion force at the base (20,21). 

12. Amethod according to claim 11 , further compris- 
w ing the step of controlling the driving motor 

means (44,46) to drive both vibrating structures 
(36,40) with a periodic driving force. 

13. Amethod according to claim 1 2, wherein the per- 
15 iodic driving force is a sinusoidal driving force. 

14. Amethod according to claim 12, wherein the per- 
iodic driving force is a square wave driving force. 

20 

Patentanspruche 

1. Resonanzschwingungs-Lichtablenkeinheit, unv 
fassend eine Grundplatte (20, 21), eine erste 

25 Schwingkonstruktion (36), welche einen Abtast- 

spiegel (30) tragt und federnd auf der Grundplat- 
te (20, 21) befestigt ist, sowie ein Antriebsmotor- 
mittel (44, 46), dadurch gekennzeichnet, daft ei- 
ne zweite Schwingkonstruktion (40) federnd auf 

30 der Grundplatte (20, 21) befestigt ist, das Arv 

triebsmotormittel (44, 46) angeordnet ist, um die 
Schwingkonstruktionen (36, 40) entgegenge- 
setzt in Schwingungen zu versetzen, und die 
Massen der Schwingkonstruktionen (36, 40) und 

35 die Federung, mit welcher jede davon auf der 

Grundplatte (20, 21) befestigt ist, derart sind, da& 
die Reaktionskrafte in der Grundplatte (20, 21), 
welche durch die Betriebsschwingungen der 
Schwingkonstruktionen (36, 40) verursacht wer- 

40 den, einander im wesentlichen auf heben. 

2. Einheit nach Anspruch 1 , wo be i der A nt riebsmo- 
tor (44, 46) angeordnet ist, um die erste (36) und 
die zweite (40) Schwingkonstruktion mit einer si- 

45 nusformigen Antriebskraf t anzutreiben. 

3. Einheit nach Anspruch 1 oder 2, wobei die erste 
Schwingkonstruktion (36) mit der Grundplatte 
(20, 21) uber eine erste Biegefeder (32) verbun- 

50 den ist und das zweite Schwingglied (40) mit der 
Grundplatte (20, 21) uber eine zweite Biegefeder 
(42) verbunden ist 

4. Einheit nach Anspruch 3, wobei die erste und die 
55 zweite Biegefeder (32, 42) flache Biegefedern 

sind. 

5. Einheit nach Anspruch 4, wobei die erste 
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Schwingkonstruktion (36) mit der Grundplatte 
(20, 21) au&er fiber die erste Biegefeder (32) 
auch noch fiber eine dritte Biegefeder (34) ver- 
bunden ist und die erste und die dritte Biegefeder 
(32, 34) in verschiedenen Ebenen liegen. 

6. Einheit nach einem der vorangehenden Anspru- 
che, wobei der Antriebsmotor (44, 46) eine 
Schwingspule (46), welche auf der ersten 
Schwingkonstruktion (36) befestigt ist, und einen 
Permanent mag neten (44) umfa&t, welcher auf 
der zweiten Schwingkonstruktion (40) befestigt 
ist 

7. Einheit nach Anspruch 6, wobei die erste 
Schwingkonstruktion (36) mit der Grundplatte 
(20, 21) fiber eine erste elektrisch leitende Biege- 
feder (32) und eine dritte elektrisch leitende Bie- 
gefeder (34) verbunden ist und die Schwingspule 
(46) an die erste Biegefeder (32) und die dritte 
Biegefeder (34) elektrisch angeschlossen (50, 
55) ist. 

8. Einheit nach Anspruch 6, wobei der Antriebsmo- 
tor (44, 46) einen Antriebsstromkreis (100, 102, 
104, 106, 108) umfaftt, welcher die Schwingspule 
(46) mit einem periodischen Antriebsstrom ver- 
sorgt 

9. Einheit nach Anspruch 8, wobei der periodische 
Antriebsstrom sinusformig ist 

10. Einheit nach Anspruch 8, wobei der periodische 
Antriebsstrom ein Rechteckwellenstrom ist. 

11. Verfahren zum Reduzieren der Schwingungen ei- 
ner Resonanzschwingungs-Lichtablenkeinheit, 
umfassend eine Grundplatte (20, 21), eine erste 
Schwingkonstruktion (36), welche einen Abtast- 
spiegel (30) tragt und federnd auf der Grundplat- 
te (20, 21) befestigt ist, eine zweite Schwingkon- 
struktion (40), welche federnd auf der Grundplat- 
te (20, 21) befestigt 1st, sowie ein Antriebsmotor- 
mittel (44, 46), welches angeordnet ist um die 
Schwingkonstruktionen entgegengesetzt in 
Schwingungen zu versetzen, wobei das Verfah- 
ren die folgenden Schritte umfafct: 

a) das federnde Verbinden der ersten 
Schwingkonstruktion (36) mit der Grundplatte 
(20, 21) an einem ersten Punkt (33); 

b) das federnde Verbinden der zweiten 
Schwingkonstruktion (40) mit der Grundplatte 
an einem zweiten Punkt (45), wobei die zweite 
Schwingkonstruktion derart gewahlt wird, 
daft die mechanische Eigenfrequenz des 
Spiegels (30) und der ersten Schwingkon- 
struktion (36) im wesentlichen gleich der me- 
chanischen Eigenfrequenz der zweiten 



Schwingkonstruktion (40) ist; und 
d) das Anordnen des ersten Punktes (33) in 
bezug auf den zweiten Punkt (45), so daft die 
erste Reaktionskraft die zweite Reaktions- 
5 kraft an der Grundplatte (20, 21) im wesentli- 

chen auf hebt 

12. Verfahren nach Anspruch 11, des weiteren um- 
fassend den Schritt des Regelns des Antriebs- 

10 motormittels (44, 46), um beide Schwingkon- 

struktionen (36, 40) mit einer periodischen An- 
triebskraf t anzutreiben. 

13. Verfahren nach Anspruch 12, wobei die periodi- 
15 sche Antriebskraft eine sinusformige Antriebs- 

kraft ist. 

14. Verfahren nach Anspruch 12, wobei die periodi- 
sche Antriebskraft eine Rechteckwellen-An- 

20 triebskraft ist 



Revendications 

25 1 . Unite de deflexion de lumiere £ resonance vibra- 
toire, comprenant une base de montage (20, 21), 
une premi&re structure vibrante (36) supportant 
un miroir de balayage (30) et montee elastique- 
ment sur cette base de montage (20, 21), et des 

30 moyens d'entraTnement par moteur (44, 46), 

caracteris£e en ce qu'elle comprend une 
seconde structure vibrante (40), montee elasti- 
quement sur la base de montage (20, 21), les 
moyens d'entraTnement par moteur (44, 46) etant 

35 pr£vus pour provoquer la vibration en opposition 

des structures vibrantes (36, 40), et les masses 
des structures vibrantes (36, 40) et I'elasticite 
avec laquelle chacune est montee sur la base de 
montage (20, 21) sont telles que les forces de 

40 reaction dans la base de montage (20, 21 ) provo- 

qu6es par les vibrations operatoires des structu- 
res vibrantes (36, 40) s'annulent pratiquement 
I'une I'autre. 

45 2. Unite selon la revendication 1; dans laquelle les 
moyens d'entraTnement motoris&s (44* 46) sont 
agenc6s de manifcre d entratner la premiere 
structure vibrante (36) et la seconde structure vi- 
brante (40) avec une force d'entraTnement sinu- 

50 soTdale. 

3. Unite selon la revendication 1 ou 2, dans laquelle 
la premiere structure vibrante (36) est f ixee sur 
la base de montage (20, 21) au moyen d'un pre- 
ss mier ressort de flexion (32) et le second 6l6ment 
vibrant (40) est f ix6 sur la base de montage (20, 
21) au moyen d'un second ressort de flexion (42). 
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4. Unite selon la revendication 3, dans laqueile le 
premier et le second ressort de flexion (32, 42) 
sont des ressorts a lame de flexion plate. 

5. Unite seion la revendication 4, dans laqueile la 
premiere structure vibrante (36) est f ix6e a la 
base de montage (20, 21) au moyen d'un troisifc- 
me ressort de flexion (34), en plus du premier res- 
sort de flexion (32), et le premier et le troisfeme 
ressort de flexion (32, 34) sont situ6s dans des 
plans difterents. 

6. Unite selon Tune quelconque des revendications 
pr6c6dentes, dans laqueile le moteur d'entraTne- 
ment (44, 46) comprend un enroulement vocal 
(46) monte sur la premiere structure vibrante (36) 
et un aimant permanent (44) monte sur la secon- 
de structure vibrante (40). 

7. Unite selon la revendication 6, dans laqueile la 
premiere structure vibrante (36) est fix6e a la 
base de montage (20, 21 ) au moyen d'un premier 
ressort de flexion (32) 6lectriquement conduc- 
teur et d'un troisteme ressort de flexion (34) 6lec- 
triquement conducteur, et I'enroulement vocal 
(46) possfede des liaisons 6lectriques (50, 55) 
avec le premier ressort de flexion (32) et le troi- 
sfeme ressort de flexion (34). 

8. Unite selon la revendication 6, dans laqueile le 
moteur d'entraTnement (44, 46) comporte un cir- 
cuit de courant d'alimentation (100, 102, 104, 
106, 108) fournissant un courant d'alimentation 
p6riodique a I'enroulement vocal (46). 

9. Unite selon la revendication 8, dans laqueile le 
courant d'alimentation p6riodique est sinusoTdal. 

10. Unite selon la revendication 8, dans laqueile le 
courant d'alimentation pgriodique est a ondes 
carries. 

11. M&thode de reduction des vibrations d'une unite 
de deflexion de lumi&re a resonance vibratoire, 
ayant une base die montage (20, 21), une premie- 
re structure vibrante (36) supportant un miroir de 
balayage (30) et montee 6lastiquement sur la 
base de montage (20, 21), une seconde structure 
vibratoire (40) montee 6lastiquement sur la base 
de montage (20, 21) et des moyens d'entraTne- 
ment motorists (44, 46) agenc£s de manfere a 
faire vibrer en opposition les structures vibran- 
tes, cette m6thode comprenant comme 6tapes : 

a) fixer 6lastiquement la premiere structure 
vibrante (36) a la base (20, 21) en un premier 
point (33) ; 

b) f beer elastiquement la seconde structure vi- 
brante (40) a la base en un second point (45), 



la seconde structure vibrante 6tant s6lection- 
n6e de manure telle que la frequence de re- 
sonance m6canique du miroir (30) et de la 
premiere structure vibrante (36) est pratique- 
5 ment 6gale a la frequence de resonance m6- 

canique de la seconde structure vibrante 
(40);et 

c) positionner le premier point (33) par rapport 
au second point (45) de manure telle que la 
10 premtere force de reaction annule pratique- 

ment la seconde force de reaction vis a vis de 
la base (20, 21). 

12. M6thode selon la revendication 11, comprenant 
15 au surplus l'6tape consistant a contrdler les 

moyens d'entraTnement motorists (44, 46) de 
manifere a entraTner les deux structures vibrantes 
(36, 40) avec une force d'entraTnement p6riodh 
que. 

20 

13. M6thode selon la revendication 12, dans laqueile 
la force d'entraTnement p£riodique est une force 
d'entraTnement sinusoTdaJe. 

25 14. M&hode selon la revendication 12, dans laqueile 
la force d'entraTnement p6riodique est une force 
d'entraTnement a ondes carries. 
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